We report µSR Knight shift and susceptibility studies for 1 T applied field along the crystalline c-and a-axes of the heavy fermion compound Ce2IrIn8. Below a characteristic temperature T * one observes a 'Knight-shift anomaly' in which the Knight shift constant K no longer scales linearly with χ. This anomaly is consistent with a scaling law in which the susceptibility χ is composed of a high-temperature component corresponding to non-interacting local moments and a low-temperature component χ cf ∼ (1 − T /T * ) ln(T * /T ) which characterizes the heavy-electron state below T * . We find that T * is anisotropic, with T * a = 59(3) K and T * c = 24(1) K, and derive the magnitudes of χ a,c cf .
Introduction
It is generally agreed that a defining characteristic of f-electron heavy-fermion materials is the transformation of independently fluctuating moments at high temperatures into a system of interacting, highly screened moments at low temperatures via hybridization between the localized f-electrons and the conduction electrons. This process is understood exactly in the case of a single Kondo impurity, but there is no complete theory of the formation of the heavy fermion state in a lattice of f-electrons. Recently, a phe- * Tel. +81-29-284-3524, Fax: +81-29-282-5927, email:
heffner@popsvr.tokai.jaeri.go.jp nomenological picture for the thermodynamics of this process in the Ce 1−x La x CoIn 5 system was put forth in terms of a two-component susceptibility [1] : a high-temperature component, corresponding to non-interacting, local Ce moments, and a low-temperature component χ cf ∼ (1 − T /T * ) ln(T * /T ) which characterizes the formation of the heavy-electron state below temperature T * . In order to study the generality of this phenomenology we measured transverse field (TF) µSR Knight shifts (which measure the local susceptibility) in the heavy fermion material Ce 2 IrIn 8 . This material is the two-layer analog to CeIrIn 5 and possesses a relatively high Sommerfeld constant of 700 mJ/Ce mol-K 2 [2]. In a previous zero-field µSR investigation [3] we showed that Ce 2 IrIn 8 possesses small-moment, disordered magnetic ordering below about T = 0.6 K. Our TF measurements reported here were carried out well above this ordering temperature, between 4 − 300 K.
The muon Knight shift constant K = (ν − ν 0 )/ν 0 , where ν is the measured frequency and 2πν 0 = γ µ H 0 , where γ µ is the muon's gyromagnetic ratio (8.51 × 10 8 Hz/T) and H 0 is the applied field. Generally,
where K dem is the shift caused by the demagnetization fields, χ f is the total temperature-dependent f-electron susceptibility, K 0 is the shift from temperature-independent sources and B hyp is the total hyperfine coupling field between the muon and the Ce moments. The constants N A and µ B are Avogadro's number and the Bohr magneton, respectively. For muons one usually has B hyp = B c + B dip , where B c is an indirect RKKY-type coupling and B dip is a direct dipolar coupling [6] . One expects K proportional to the bulk susceptibility if K ∝ B hyp (r)χ(T ). A breakdown of linearity between K and χ is found in many heavy fermion materials [4, 5] , however, implying K ∝ B hyp (r, T )χ(T ) (i.e., a temperature-dependent B hyp ), or, as considered here, an additional low-temperature susceptibility component which couples differently to the muon.
Experimental results
The experiments were performed at the M20 muon channel at TRIUMF in Vancouver, Canada. Single crystal samples were mounted on a silver backing which served as a reference material to calibrate the applied field H 0 = 1 T. Fig. 1 shows the susceptibility dependence of the measured K
dem for H 0 parallel to the a-and c-axes, where K dem = 4π( 1 3 − N )ρ mol χ, with ρ mol the molar density. The geometrical demagnetization terms are N ∼ = 0.73 and N ∼ = 0.82 for the cand a-axis data, respectively. Two frequencies were observed with shifts labeled K µ1 and K µ2 , corresponding to muons stopping at different sites with relative amplitudes 2 : 3, respectively. A non-linear K − χ relation is observed for both sites and both field directions. Following the notation of Curro et al. [5] we write the molar susceptibility as χ = χ ff + 2χ cf + χ 0 , where χ ff corresponds to hightemperature localized spins, and χ 0 is independent of temperature. One has [5]
where i = 1, 2 and A is the coupling between the muon and χ cf . Eq. 1 is actually 4 equations, one for each site and field direction. Because χ cf vanishes above T * , the coupling constants B a,c i can be determined by fitting the K a,c µi vs. χ a,c data at high temperatures [5] . This is shown by the solid lines in Fig. 1 . If the muon sites possess tetragonal symmetry, then B = B c + B Table 1 Hyperfine fields B derived from fitting high-temperature K vs. χ data in Fig. 1 Having obtained the values of B a,c i (Table I) , one may proceed to solve Eq. 1 for the terms containing χ a,c cf (T ). These data, shown in Figs. 2 and 3, are well-described by
The weighted averages over the two muon sites yield T * a = 59(3) K and T * c = 24(1) K. We now make the reasonable assumption that the contact coupling A is isotropic, e.g., A a i = A c i for i = 1, 2. Then for T < T * the four equations corresponding to Eq. 1 can be solved for the A values at each site and the χ a,c cf for the a and c directions. This extends the analysis beyond that in Ref. [5] , and allows us to extract the value of χ cf in emu/mol for each field direction. The results are shown in Figs. 4 and 5, where we have plotted the total f-electron susceptibility χ f = χ − χ 0 , the heavy electron susceptibility χ he ≡ 2χ cf [5] and χ diff ≡ χ f − χ he as a function of temperature. The most reliable values of the hyperfine couplings A were determined from the data points below 10 K where the shifts for H c are large and statistically well determined (Figs. 2 and 3) . The A values are relatively independent of temperature: A 1 = −118(28) Oe/µ B and A 2 = 272(22) Oe/µ B .
Discussion
Through a combination of µSR Knight shift and bulk susceptibility measurements we have obtained the magnitudes of the hyperfine coupling parameters and local heavy-fermion spin susceptibilities [1, 5] in Ce 2 IrIn 8 . The energy scale T * governing the evolution of the coherent heavy fermion state is anisotropic, with T * a = 59 K and T * c = 24 K. These values can be compared with the lattice Kondo energy scale T 0 of 31 K derived from the Sommerfeld constant for J = 5/2 (Ce 3+ ) [8] , and the resistivity, which shows a broad maximum near 40 − 50 K. Our most important result is the measurement of the magnitude and temperature dependence of χ 
